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(57) ABSTRACT 

A method and apparatus that determines how much power to 
allocate to each of a plurality of reverse link power control 
(RLPC) Channels to be transmitted from a base station, 
based upon data rate control (DRC) messages transmitted to 
the base station. The DRC messages transmitted to the base 
station are used to determine the quality of the Forward Link 
over which the RLPC is to be transmitted. Even though the 
remote station to which the RLPC Channel is to be directed 
has not transmitted a DRC, the base station is capable of 
allocating power to the RLPC Channel based upon infor- 
mation provided to the base station in DRCs that were 
received by the base station. Accordingly, the base station 
can allocate power among the RLPC Channels without 
having received explicit information as to the quality of the 
Forward Link between the base station and every remote 
station intended to receive the information on the RLPC 
Channels. 

24 Claims, 7 Drawing Sheets 
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METHODS AND APPARATUS FOR 
ALLOCATION OF POWER TO BASE 
STATION CHANNELS 



BACKGROUND 

I. Field 

The present invention relates generally to mobile radio 
telephone systems. More specifically, the present invention 
relates to systems and methods for controlling the allocation 
and amount of power that will be transmitted on different 
channels from a Base Station to a Remote Station in a 
communication system. 

II. Background 

It has recently become more common to use spread 
spectrum techniques, such as code division multiple access 
(CDMA) techniques, to communicate information over 
wireless communication systems. For example, CDMA 
techniques are in wide use for communications between 
stationary Base Stations and mobile cellular telephones in a 
cellular telephone network. In accordance with CDMA 
techniques, several streams of information, typically from 
different sources, are each encoded (or "Channelized") using 
a different code. These codes allow the information to be 
transmitted over the same frequency band (commonly 
referred to as a "CDMA channel"). Each such Channelized 
information stream is commonly referred to as a "Code 
Channel". 

It is presently well known that in order to minimize the 
amount of interference between Code Channels of a CDMA 
channel, the amount of power that is transmitted on each of 
the Code Channels must be carefully controlled. 
Furthermore, it is common for a single amplifier to be 
responsible for transmitting the entire CDMA channel. 
When a single amplifier is used to transmit an entire CDMA 
channel, the more power transmitted in one Code Channel, 
the less power is available to the other Code Channels. This 
is because there is typically a limit on the amount of total 
output power that such an amplifier can provide without 
undesirably distorting the amplified signals. For at least 
these reasons, it is important to properly allocate transmit 
power to each Code Channel in the same CDMA channel. 

SUMMARY OF THE INVENTION 

The described embodiments are directed to a system and 
method for allocating power to reverse link power control 
channels. In one aspect, a method for determining the 
amount of power that is required to transmit power control 
information from a first station to a plurality of stations is 
described. The method includes receiving data rate control 
information from the plurality of stations, the data rate 
control information indicating the data rate at which power 
control information is to be transmitted by the first station to 
the plurality of stations. The data rate control information 
from each station of the plurality of stations is then adjusted 
based upon a destination sector that the data rate control 
information is directed. The amount of power required to 
transmit the power control information to the plurality of 
stations is determined from the adjusted data rate control 
information. 

In another aspect, a base station that allocates power to 
reverse link power control channels is described. The base 
station includes a receiver configured to receive data rate 
control information from a plurality of stations, the data rate 
control information indicating the data rate for which power 
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control information is to be transmitted by the base station 
to the plurality of stations. The base station also includes a 
processor, coupled to the receiver, configured to adjust the 
data rate control information from each station of the 
5 plurality of stations based upon a destination sector that the 
data rate control information is directed and configured to 
determine from the adjusted data rate control information 
the amount of power required to transmit the power control 
information to the plurality of stations. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects and advantages of the present inven- 
tion will become more apparent from the detailed descrip- 
tion set forth below when taken in conjunction with the 
15 drawings in which like reference characters identify like 
elements. 

FIG. 1 is an illustration of the format of a Forward Link 
of one particular communication system; 
20 FIG. 2 shows a communication system that includes 
seven Base Stations; 

FIG. 3 is an illustration of a system including two Base 
Stations and ten Remote Stations; 

FIGS. 4a-4b are a flowchart illustrating method steps 
25 performed by a Base Station in accordance with one 
embodiment; 

FIG. 5 is a block diagram of a Remote Station in accor- 
dance with one embodiment of the disclosed apparatus; and 
3Q FIG. 6 is a block diagram of a Base Station in accordance 
with one embodiment of the disclosed apparatus. 

DETAILED DESCRIPTION 

In one system used primarily for transmitting information 

35 at high data rates over a wireless communication link, at any 
given time all of the Code Channels in one direction are used 
to provide parallel data paths for information from a first end 
point to a second end point of the communication link. For 
example, information transmitted from a Base Station to one 

4Q particular Remote Station is transmitted over all of the Code 
Channels. The transmission path in this direction is com- 
monly referred to as either the "Forward Link" or "Down 
Link". In such a high data rate system, each Code Channel 
on the Forward Link is allocated approximately the same 

45 amount of power for transmission from the Base Station. 
Furthermore, transmissions to different Remote Stations are 
time multiplexed. That is, during a first time slot, all of the 
Code Channels of the CDMA Channel are allocated to 
transmitting information to a first Remote Station. During a 

50 second time slot, all of the Code Channels of the CDMA 
Channel are allocated to transmitting information to a sec- 
ond Remote Station. Additional time slots provide commu- 
nication links between the Base Station and other Remote 
Stations. 

55 In one embodiment, the first end point of the communi- 
cation link is a Base Station and the second end point of the 
communication link is a Remote Station. In another 
embodiment, the first end point of the communication link 
is Remote Station and the second end point of the commu- 

60 nication link is a Base Station. A Base Station is also known 
as an Access Point. A Remote Station is also known as an 
Access Terminal. 

The data path by which information is transmitted from a 
particular Remote Station to the Base Station is commonly 

65 referred to either as the "Reverse Link" or the "Up Link". In 
one high data rate system, the Code Channels of a Reverse 
Link are each allocated to different Remote Stations. The 
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amount of power that is used to transmit the information on 
the Reverse Link must be controlled to reduce interference 
at the receiving Base Station between Code Channels of the 
same CDMA channel. 

Accordingly, portions of each Code Channel on the For- 
ward Link are reserved for transmitting power control 
information. The reserved portions of a particular Code 
Channel within one slot form a "Reverse Link Power 
Control (RLPC) Channel". Each such RLPC Channel on the 
Forward Link is associated with one Remote Station. The 
power control information that is transmitted on a particular 
RLPC Channel is intended to be received and used by one 
particular Remote Station to control the reverse link power 
transmitted by that particular Remote Station. The power 
control information assists in maintaining the output power 
from each Remote Station at a minimum level required for 
information to be reliably received from each Remote Sta- 
tion on the Reverse Link. 

FIG. 1 is an illustration of the format of a Forward link 
structure of one particular communication system. In the 
link shown in FIG. 1, a portion of each Code Channel forms 
a RLPC Channel over which reverse power control infor- 
mation is transmitted. 

FIG. 1 shows a Forward Link 100 formatted in Code 
Channels 102. Two Code Channels 102a and 1026 are 
explicitly shown in FIG. 1. However, in accordance with the 
embodiment shown in FIG. 1, 32 Code Channels are pro- 
vided on the Forward Link CDMA channel. Each Code 
Channel is divided into "Slots" 104. In a typical system, 
such as the one shown in FIG. 1, each Slot 104 in the 
Forward Link has a predetermined duration. Each Slot is 
assigned to a particular Remote Station. In the embodiment 
shown in FIG. 1, each Slot comprises 2048 "Chips". A Chip 
is defined as a duration in time that is equal to the duration 
of one bit of the code used to channelize the Code Channels. 
Each Slot 104 begins with a first data field 106 that is 464 
Chips in length. A pilot field 108 follows the first data field 
106. The pilot field is 96 chips in length. The pilot field 108, 
among other uses, allows the receiving device to synchro- 
nize to the phase of the incoming Forward Link signals 
(which include the pilot field 108 itself). A second data field 
110 having a length of 464 Chips is then transmitted. A third 
data field 112 having a length of 400 Chips is transmitted 
next. Following the third data field 112, a power control field 
114 is transmitted. The first power control field 114 has a 
length of 64 Chips. Next, a second pilot field 116 having a 
length of 96 Chips is transmitted, followed by a second 
power control field 118 having a length of 64 Chips. The last 
field in the Slot 104 is a fourth data field 120 having a length 
of 400 Chips. 

The power control fields 114, 118 within one Code 
Channel 102 form one RLPC Channel. Accordingly, the 
RLPC Channel is "Embedded" in the Data. Under most 
conditions, a determination can be made at the Base Station 
so that more, less, or the same amount of power is trans- 
mitted over the Reverse Link from a Remote Station. The 
determination is made based on the strength of the signal 
received by the Base Station from a particular Remote 
Station. 

Typically, when transmitting the Forward Link, the same 
amount of power is used to transmit each Code Channel in 
the CDMA channel. It is appropriate to transmit the Code 
Channels at the same power, since the Data is essentially 
directed to one Remote Station. For the purposes of this 
description, "Data" is defined as information that is provided 
by the communication system user, and does not include 
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information that is transmitted between components of the 
system in order to manage and/or support system operations 
(such as overhead messages). However, since each RLPC 
Channel is directed to a different Remote Station, transmit- 

5 ting each RLPC Channel of the CDMA channel at the same 
power level means that some of the RLPC Channels will be 
transmitted at power levels that are either greater than or less 
than is required. This is because the amount of power that is 
required to transmit to a Remote Station that is closer is less 

10 than the amount of power required to transmit to a Remote 
Station that is farther away. Accordingly, it can be seen that 
transmitting all RLPC Channels at the same power level is 
undesirable for the following reason. There is an absolute 
maximum total amount of power that can be transmitted by 

!5 all of the RLPC Channels taken together. Therefore, using 
more power than is required for some RLPC Channels 
means that other RLPC Channels will get less power than 
might otherwise be possible if the power were allocated 
based on the actual requirements of each RLPC Channel 

20 rather than being allocated equally to all RLPC Channels. 
This could be problematic if the farthest Remote Station 
requires more power than 1/N, where N is the total number 
of RLPC Channels. It should be noted that the amount of 
power "required" to "reliably" transmit information, as 

25 referred to herein, is the amount of power that is needed to 
ensure that the information can be decoded with a prede- 
termined error rate. The particular error rate depends upon 
the particular application of the disclosed method and appa- 
ratus. 

30 However, determining the amount of power that is 
required by each RLPC Channel is difficult for some Base 
Stations from which transmission of RLPC information 
would be desirable. This can be understood from the fol- 
lowing example. FIG. 2 is an illustration of a system 

35 including three Base Stations 201, 203, 205 and four Remote 
Stations 207. Assume for simplicity, each Base Station 201, 
203, or 205 has only one sector. Each Remote Station 207 
typically maintains a list (commonly referred to as the 
"Active Set") of Base Station sectors 201, 203, 205 from 

40 which the Forward link 208 to that Remote Station 207 may 
originate. However, the Forward Link 208 will only origi- 
nate from one of the Base Station sectors 201, 203, 205 in 
the Active Set at any one time. The transmission paths 209, 
211 between those Base Station sectors 203, 205 that are not 

45 transmitting the Forward Link 208 to the Remote Station 
207a typically has different loss characteristics than the 
transmission path 213 between the Base Station sector 201 
that is transmitting the Forward Link 208 and the Remote 
Station 207a. Since nothing is being transmitted to the 

50 Remote Station 207a from the other Base Station sectors 
203, 205 in the Active Set, it is not possible to characterize 
the loss over the Forward Links 209, 211 between the other 
Base Station sectors 203, 205 and the Remote Station 207a. 
Nonetheless, the Remote Station 207a will be transmitting 

55 to the other Base Station sectors 203, 205. Therefore, it is 
desirable to have each Base Station sector 201, 203, 205 in 
the Active Set send reverse link power control information 
to the Remote Station 207a so that the Remote Station 207a 
will have information regarding the amount of power to send 

60 if selected to transmit. 

A system and method for allocating power to RLPC 
Channels is described in U.S. patent application Ser. No. 
09/267,565 entitled "Methods and Apparatus for Power 
Allocation on a Reverse Link of a Communication System", 

65 filed Mar. 12, 1999, which is assigned to the assignee of the 
present invention and fully incorporated herein by reference. 
The system and method uses historical information to deter- 
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mine the power levels of the RLPC Channels. Thus, his- 
torical information is required. However, historical infor- 
mation may not be available. Therefore, it is desirable to 
allocate power to the RLPC Channels without needing 
historical information to determine the power levels of the 5 
RLPC Channels. 

Determining the amount of power that is required by each 
RLPC Channel is difficult for a Base Station having many 
Remote Stations, wherein the power required by all of the 
RLPC Channels taken together exceed maximum total trans- 10 
mit power for a Base Station sector. Therefore, it is desirable 
to allocate the total transmit power for a Base Station sector 
among the Remote Stations with the Base Station sector in 
their active list. 

Generally, as a Remote Station moves away from a Base 15 
Station, the RLPC Channel for that Remote Station requires 
more power to transmit information reliably from the Base 
Station to the Remote Station. Since there is an absolute 
maximum total amount of power that can be transmitted, 
power of another RLPC Channel must be reduced. 20 
Therefore, it is desirable to dynamically allocate a sector of 
a Base Station's total transmit power among RLPC Chan- 
nels of the Remote Stations, which have the sector of the 
Base Station in their active list. 

25 

The disclosed method and apparatus determines how 
much power to allocate to each of a plurality of reverse link 
power control (RLPC) Channels to be transmitted from a 
Base Station, based upon the data rate control (DRC) 
messages transmitted to the Base Station. However, since 3Q 
Base Stations transmit RLPC Channels to Remote Stations 
that have not transmitted a DRC to the transmitting Base 
Station, DRC information from the transmitting Remote 
Station over which the RLPC is to be transmitted is used to 
determine the quality of the Forward Link over which the 3S 
RLPC is to be transmitted. 

Therefore, a need currently exists for a method and 
apparatus to determine the relative amount of power that 
should be used to transmit reverse link power control 
information from a sector of a Base Station that is in the ^ 
Active Set of a Remote Station, but which is not transmitting 
a Forward link signal to that Remote Station and has not 
transmitted a Forward Link signal. 

For the purpose of this document, quality is directly 
proportional to the amount of power required to reliably 45 
transmit a predetermined amount of information in a pre- 
determined amount of time with a predetermined error rate. 
Although the Remote Station to which the RLPC Channel is 
to be directed has not transmitted a DRC directed to that 
Base Station, the disclosed method and apparatus allows the 50 
RLPC Channel to be allocated its required power. The Base 
Station allocates power to the RLPC Channels based upon 
information provided to the Base Station in DRCs that were 
received by the Base Station, regardless of whether the 
DRCs were directed to other Base Stations. Accordingly, the 55 
Base Station can allocate power among the RLPC Channels 
without having received explicit information as to the qual- 
ity of the Forward Link between the Base Station and every 
Remote Station intended to receive the information on the 
RLPC Channels. 60 

The method and apparatus that is disclosed in this docu- 
ment allows a first station (such as a Base Station within a 
communication system) to determine how much power to 
allocate to each "Reverse Link Power Control (RLPC) 
Channel" that is being transmitted by the first station. For the 65 
purpose of this document, an RLPC Channel is defined as 
any portion of a communication path that is used to com- 



municate information from a first station to a second station 
regarding the amount of power the receiving second station 
should transmit back to the first station. A "Forward Link" 
is defined as a communication link transmitted from a first 
station to a second station. A "Reverse Link" is defined as 
the communication link transmitted from the second station 
to the first station. A "Base Station" is defined as a fixed 
transmitting and receiving station for interfacing a wireless 
communications device to a wireline communications sys- 
tem or to another wireless communication device. A 
"Remote Station" is defined as a station that communicates 
with a Base Station over a wireless link. 

FIG. 2 shows a communication system that includes 
seven stations 201, 203, 205, 207a, 207£>, 207c, 207d. In 
accordance with one embodiment of the disclosed method 
and apparatus, the first, second and third stations 201, 203, 
205 are Base Stations. The fourth, fifth, sixth, and seventh 
stations 207 are Remote Stations (such as a wireless local 
loop telephone, a hand held telephone, a modem, a computer 
terminal, or another device or system used to originate 
information to be transmitted over the communication 
system). It should be understood that the number of Remote 
Stations is typically much greater than the number of Base 
Stations. However, only four Remote Stations 207 are 
shown in FIG. 2 for the sake of simplicity. It should be 
understood that each station may be either a Remote Station 
or a Base Station, depending upon the type of communica- 
tion system in which these stations are being used. 

The disclosed method and apparatus is described essen- 
tially in the context of allocation of power among RLPC 
Channels. However, in systems in which the roles of the 
Forward and Reverse Links are reversed from that set forth 
in this description, the disclosed method and apparatus 
applies equally well to the allocation of power among 
"Forward Link Power Control Channels". Nonetheless, for 
ease and clarity, the disclosed method and apparatus is 
described in the context of allocation of power to RLPC 
Channels transmitted in the Forward Link. 

In accordance with one embodiment of the disclosed 
method and apparatus, multiple Remote Stations concur- 
rently transmit Data over the Reverse Link to one Base 
Station. This Data is transmitted from each Remote Station 
to a Base Station on a separate Code Channel. For example, 
the four Remote Stations 207 may each be transmitting 
information over the Reverse Link to the Base Station 201. 

In the context of one system for allocating power among 
RLPC Channels, a Base Station transmits Data on a Forward 
Link to one Remote Station at a time. In addition, each I 
Remote Station advantageously receives Data from only one " 
Base Station at a time. For the purposes of this description, 
"Data" is defined as information that is provided by the 
communication system user, and does not include informa- 
tion that is transmitted between components of the system in 
order to manage and/or support system operations (such as i 
overhead messages). 

Each Remote Station maintains a "Set" (or list) 
"Active" Base Station sectors (i.e., an "Active Set"). A 
sector of a Base Station is placed in the Active Set if that 
Base Station is transmitting a Forward Link that is being 
received by the Remote Station 207 with at least a prede- 
termined level of quality. In one embodiment, the quality of 
the Forward Link is determined by the quality of portions 
108, 116 of the Forward Link 100, referred to as the "Pilot 
Channel." In one embodiment, a Pilot Channel is made up 
of portions 108, 116 of the Forward Link that are used by a 
Remote Station to determine the quality of the Forward Link 
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and to determine the relative phase of the information being 
received by a Remote Station. In accordance with the 
embodiment of the disclosed method and apparatus shown 
in FIGS. 1 and 2, the Pilot Channel is transmitted on only 
one Code Channel 102a from among the Code Channels 102 
in the CDMA channel. Furthermore, the Pilot Channel is 
transmitted only during two fields 108, 116 of each Slot 104. 

The quality of the Pilot Channel may be determined by 
measuring a ratio of signal-to-noise, frequently referred to as 
"Carrier/Interference" or "C/T\ Such measurements of the 
quality of the Pilot Channel are well known to those skilled 
in the art. The quality of the Pilot Channel can be used to 
determine the quality of the entire Forward Link. It should 
be understood that the quality of the Forward Link may be 
determined by any other means known, such as by measur- 
ing the signal to noise ratio of a Forward Link "Traffic 
Channel" (i.e., that portion of the Forward Link that carries 
the Data). Alternatively, any other portion of the Forward 
Link may be used to determine the quality of the Forward 
Link. However, since the Pilot Channel is spread in a 
predetermined manner, the Pilot Channel provides an appro- 
priate channel for determining the quality of the Forward 
link. Nonetheless, signal-to-noise ratio is only one param- 
eter that can be used by the Remote Station to determine the 
quality of the Forward Link. Any other method for deter- 
mining the quality of the Forward Link can be used in 
accordance with the disclosed method and apparatus. 

If the quality of the Forward Link received by a Remote 
Station is such that Data can be transmitted over the Forward 
Link at a predetermined data rate with a predetermined 
reliability, then the transmitting Base Station may be placed 
in the Remote Station's Active Set. However, in accordance 
with one embodiment of the disclosed method and 
apparatus, a Pilot Channel from a particular Base Station 
may be received by the Remote Station with sufficient 
quality and still not be added to the Active Set. This may be 
true if there are a predetermined number of Active Base 
Stations already in the Active Set and the Active Set can only 
support the predetermined number of Active Base Stations. 
In the embodiment of the disclosed method and apparatus in 
which C/I is used to determine the quality of the Forward 
Link, the Remote Station 207 calculates a data rate based 
upon the C/I of the pilot received from the selected Base 
Station. The data rate is calculated to result in Data being 
received at the Remote Station with a predetermined reli- 
ability. It will be understood by those skilled in the art that 
the reliability with which Data can be transmitted depends 
upon the quality of the Forward Link (i.e., the C/I) and the 
data rate. 

Since the Remote Station 207A only receives data from 
one of the Base Stations in the Active Set at any one time, 
the Remote Station 207A selects one of the Base Stations in 
the Active Set to transmit data to the Remote Station 207A. 
The selected Base Station 201 is the Base Station 201 from 
which the Remote Station 207A receives the best quality 
Forward Link (i.e., the Base Station transmitting the For- 
ward Link capable of supporting the highest data rate). In 
accordance with one embodiment of the disclosed method 
and apparatus, the rate at which the selected Base Station 
can reliably transmit Data to a particular Remote Station is 
communicated to the selected Base Station by the particular 
Remote Station 207 over the Reverse Link. The data rate is 
encoded with a unique code that indicates for which Base 
Station the data rate information is intended. 

When the selected Base Station 201 receives the data rate 
information, the selected Base Station uses this information 
to determine the C/I of the pilot that was received by the 
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transmitting Remote Station 207A In accordance with one 
embodiment of the disclosed method and apparatus, the 
method used by the selected Base Station 201 to calculate 
the C/I of the Forward Link transmitted from the data rate is 

5 the inverse of the method used by the Remote Station 207A 
to calculate the data rate from the measured C/I of the 
Forward Link pilot signal. 

The selected Base Station 201 determines the amount of 
power to allocate to a particular RLPC Channel based upon 

10 the quality of the Forward Link as determined by the Remote 
Station 207A. In accordance with the embodiment shown in 
FIGS. 1 and 2, the Forward Link can support as many RLPC 
Channels as there are Code Channels 102. Each such RLPC 
Channel is intended for a different Remote Station 207. The 

15 number of RLPC Channels to be transmitted by a Base 
Station 201 is equal to the number of Remote Stations that 
include that Base Station 201 in their Active Set. For 
example, if only three Remote Stations 207a, 2076, 207c 
have a particular Base Station 201 in their Active Set, then 

20 the Base Station 201 transmits a Forward Link 208 that 
includes three RLPC Channels, one RLPC Channel intended 
for each of the three Remote Stations 207a, 2076, 207c that 
include that Base Station 201 in the Active Set. 
The Base Station 201 also receives information over the 

25 Reverse Link from each of these three Remote Stations 
207a, 2076, 207c. Accordingly, the receiving Base Station 
201 must provide power control information to each of the 
three Remote Stations 207a, 2076, 207c. This information is 
provided in a power control message over the RLPC Chan- 

30 nels. Each such RLPC Channel is transmitted over one Code 
Channel during the two power control fields 114, 118 of each 
Slot. No power is allocated to the unused RLPC Channels 
(i.e., to the other Code Channels during the power control 
fields 114, 118). Therefore, if the Forward Link uses a 

35 CDMA channel that includes thirty-two Code Channels, 
only three of the 32 Code Channels are required during the 
reverse link power control fields 114, 118 (assuming that the 
Base Station is included in the Active Sets of only three 
Remote Stations). Accordingly, no power would be trans- 

40 mitted on the other twenty-nine Code Channels of the 
Forward Link. This allows the maximum amount of power 
to be allocated to the three RLPC Channels that are directed 
to Remote Stations 207a, 2076, 207c that include the Base 
Station 201 in their Active Set. Each Remote Station 207a, 

45 2076, 207c determines which particular power control mes- 
sage is intended for that Remote Station based upon the 
particular Code Channel 102 over which the message is sent 
(i.e., the particular Code Channel 102 that is used to support 
the RLPC Channel). 

so It can be seen that the allocation of power among the 
RLPC Channels requires that the Base Station identify each 
Remote Station that includes the Base Station in the Active 
Set. In addition, the Base Station must determine the quality 
of the RLPC Channel in order to determine the amount of 

55 power to allocate to each of the RLPC Channels. In accor- 
dance with the disclosed method and apparatus, the Remote 
Station transmits an overhead message over the Reverse 
Link that indicates when a new Base Station has been added i 
to the Active Set. A Base Station that is added to the Active/ 

60 Set of a Remote Station will receive overhead messages, 
either directly from the Remote Station or through another 
Base Station which then communicates the information to 
the Base Station that has been added. Therefore, a Base 
Station can maintain a list of those Remote Stations that 

65 include that Base Station in their Active Set. 

However, in one embodiment, each Remote Station trans- 
mits information regarding only the quality of one Forward 
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Link. That is, a Remote Station only transmits information 
regarding the Forward Link between that Remote Station 
and the one Base Station that is currently selected by that 
Remote Station to transmit data to that Remote Station. For 
example, assume the Active Set of the Remote Station 207a 
includes the three Base Stations 201, 203, 205. Remote 
Station 207a transmits the data rate at which that Remote 
Station 207a can receive Data from the Base Station 201, 
assuming that the Forward Link between the Base Station 
201 and the Remote Station 207a has a higher quality than 
the other two Forward Links 209, 211. This data rate 
information can be used to determine the quality of the 
Forward Link 208 (and so the quality of the RLPC Channel). 
However, while the Base Stations 203, 205 receive the data 
rate information transmitted from the Remote Station 207a, 
the data rate information is only relevant to the Forward 
link 208 between the select Base Station 201 and the 
Remote Station 207a. Therefore, the other Base Stations 
203, 205 in the Active Set have no information about the 
current quality of the Forward Links 209, 211 between them 
and the Remote Station 207a. 

Rather than allocating power among the RLPC Channels 
either arbitrarily or equally, the disclosed method and appa- 
ratus uses DRC information from the transmitting Remote 
Station over which the RLPC is to be transmitted to deter- 
mine the quality of the Forward Link over which the RLPC 
is to be transmitted to assist in determining the quality of 
each of the RLPC Channels to be transmitted. 

FIG. 3 is an illustration of a system including two Base 
Stations 220, 230, and ten Remote Stations 241, 251, 252, 
261, 262, 263, 281, 291, 292, 293. Base Station 220 has 
three sectors 240, 250, 260. Base Station 230 has three 
sectors 270, 280, 290. Sector one 240 of Base Station 220 
has a coverage area including one Remote Station 241. 
Sector two 250 of Base Station 220 has a coverage area 
including two Remote Stations 251, 252. Sector three 260 of 
Base Station 220 has a coverage area including three 
Remote Stations 261, 262, 263. Sector one 270 of Base 
Station 230 has a coverage area that does not include a 
Remote Station. Sector two 280 has a coverage area includ- 
ing only one Remote Station 281. Sector three 290 has a 
coverage area including three Remote Stations 291, 292, 
293. Remote Station 261 is moving from sector three 260 of 
Base Station 220 to sector two 250 of Base Station 220. 

It is assumed that the Active Sets of the six Remote 
Stations 241, 251, 252, 261, 262, 263 include the sectors of 
Base Station 220 and it is assumed that the Active Sets of 
four Remote Stations 281, 291, 292, 293 include the Base 
Station 230. There is overlap between base station sectors. 
For example, sector two 250 of Base Station 220 and sector 
three 290 of base station 230 may overlap. Consequently, 
Remote Stations 251, 252 may have Base Station 230 in 
their active list and Remote Stations 291, 292, 293 may have 
Base Station 220 in their active list. Base Station 220 is 
receiving Data from at least six Remote Stations 241, 251, 
252, 261, 262, 263. Base Station 230 is receiving Data from 
at least four Remote Stations 281, 291, 292, 293. The Base 
Station 220 receives "Data Rate Control" (DRC) messages 
over a Reverse Link 221 associated with the Remote Station 
261. The Base Station 220 stores the received DRC mes- 
sages in its memory. 

As Remote Station 261 moves from one sector to another, 
the allocation of power to the RLPC Channel corresponding 
to all of the Remote Stations is dynamically changed taking 
into account the change in the power required by Remote 
Station 261. Each sector is not limited to three Remote 
Stations. 
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The Base Station 220 makes power control (PC) decisions 
for each Remote Station in its coverage area (STEP 301). 
Thus, the Base Station 220 determines whether the Remote 
Station 261 is transmitting the Reverse Link 221 with too 
much or too little power. In accordance with one 
embodiment, this determination is based upon a C/I mea- 
surement of the Reverse Link. In accordance with another 
embodiment, this determination is based on the error rate of 
the Reverse Link 221. Those skilled in the art will under- 
stand that there are many other ways in which the Base 
Station can determine whether the Remote Station has 
transmitted the information over the Reverse Link with an 
appropriate amount of power to be reliably received by the 
Base Station, but without using more power than is required. 
Accordingly, any known means may be used for making this 
determination in accordance with the disclosed method and 
apparatus. 

FIGS. 4a-46 is a flowchart of method steps performed in 
accordance with one disclosed method for determining the 
amount of power to allocate to each RLPC Channel. The 
method illustrated in FIGS. 4a-4b is performed indepen- 
dently by a Base Station for each sector in a communication 
system. The average forward link C/I is estimated, then the 
required power for the RLPC Channel for the Remote 
Station receiving the forward link data is calculated, and 
finally the power is allocated among the RLPC Channels. 
The steps of FIGS. 4a~4b are described below from the 
perspective of one sector of a Base Station. 

If the power that is being sent on the Reverse Link 221 is 
appropriate, (STEP 302), then the power level allocated to 
the RLPC Channel associated with the Remote Station 261 
from which the Reverse Link 221 originated (STEP 303) is 
not adjusted. This condition is referred to as an "Erasure." A 
check is made to determine if the Base Station can demodu- 
late the DRC message (STEP 304). If the Base Station 
cannot demodulate the DRC message, then the amount of 
power is set to a constant. (STEP 305). This condition is also 
referred to as an "Erasure." If the Base Station determines 
that the Remote Station is transmitting with either too little 
or too much power, then a change in the amount of power 
is required on the Reverse Link (i.e., an erasure does not 
occur). In such a case, the Base Station 220 determines 
whether the Current DRC message is "Directed" to another 
sector for the Base Station 220 (STEP 306). The DRC 
message is Directed to a particular sector if the DRC 
message provides information about the rate at which the 
transmitting Remote Station can receive information from 
that sector. The information may be provided in any manner, 
such as a measure of the quality of the Forward Link, or the 
actual data rate that can be supported by the Forward link. 
It should be noted that in accordance with one embodiment 
of the disclosed method and apparatus, each Remote Station 
transmits DRC messages at a predetermined rate. Each DRC 
message indicates the Remote Station from which the DRC 
message came. 

The power required for the RPC subchannel is not the 
same for all Remote Stations. Remote Stations close to the 
Base Station require less power than Remote Stations near 
the cell edge. If the available power is divided equally 
among all Remote Stations, then Remote Stations with low 
forward link C/I are likely to experience a high RPC bit error 
rate, thereby degrading reverse link power control. The 
forward link rate requested by the terminal on the DRC 
channel is an indicator of its C/I. The allocation algorithm 
uses the DRC information to allocate power among the 
different users in proportion to their needs. 

A digital signal processor (DSP) of the Remote Station 
maintains an estimate of the forward link C/I in dB as seen 
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by the Remote Station. This estimate is used to calculate Since generally the Remote Station directs its DRC to the 
how much power is required for the Remote Station's RPC sector with the best forward link, it can be assumed that the 
subchannel. A higher C/I value indicates a lower require- forward link from the current sector has a C/I that is lower 
ment on the RPC subchannel power. than that indicated by the DRC. To account for this, x k is 
In one embodiment, mapping from a forward link rate to 5 lowered in this case, i.e. the estimate of required power is 
C/I in dB is implemented in software. In another uicreased. That is, when the DRC is directed at another Base 
embodiment, the mapping is implemented in hardware. In Station the Base Station adjusts the quality value down- 
yet another embodiment, the mapping is implemented in a T^\^ t ?£&% nt ? "\ f 
1 . - - * i_ T t i_ j- allocated to the RLPC Channel associated with that Remote 
combination of software and hardware. In one embodiment StatioQ 261 ^ fe a riate tf there fc a desire t0 mcrease 

the mapping is maintained as a lookup table ^mapping each io ±c possibility mat the RLPC Channel will be reliably 

forward link rate to required C/I in dB. In another received by the Remote Station 261. As noted above, there 

embodiment, the mapping is executed by a software algo- ^ a limited amount of total power available to transmit all 

rithm. of the RLPC Channels. Therefore, increasing the amount of 

Let g(#) denote the mapping from a DRC value to C/I in power with which a RLPC Channel is transmitted to one 

dB. The DRC value received in the kth slot, d^ is mapped 15 Remote Station decreases the amount of power that is 

to a C/I estimate, x*, as follows: available to transmit RLPC Channels to the other Remote 

Stations. 

gidi) if the DRC is directed at this sector. In one embodiment, the amount of the adjustment is the 

f«fc) + A, if the£>/?Cis directed at another sector ***** whether there are two base stations involved in a 

. . . . „ . . . „ 20 handorf or whether there are more than two base stations 

in this base station. Sorter handoff. . t , - iL , . „. T , A .. 

mvolved in the handoff. In another embodiment, the adjust- 

ma*-12, g(dt) - A 2 ) if the DRC is directed at another mem may depend 0Q ^ aumber Qf ^ ^sHor* involved 

base station and the remote station m the handoff (STEP 312). For example, if there are two 

is in a 2-way soft handoff. Dase stations involved in the handoff, then a A 2 adjustment 

, n , , . A , ., , j- 1 1 25 is considered for the estimate x t (STEP 314) and if there are 

max(-12, g(di) -A 3 ) if the DRC is directed at another ^ , , . . k \ , . t 7 , , „ , 

more than two base stations mvolved m the handoff, then a 

base station and the remote station ^ adjustment is considered for the estimate x k (STEP 316). 

is in a 3- way (or more) soft handoff. In both of these cases (314 or 316), a predetermined mini- 

if the drc is not demodulated mum value is used to establish a threshold for the lowest 

30 value for the SINR estimate, which means that the adjusted 
SINR value is configured to be no less than the minimum 

In one embodiment, power allocation is performed on a value. In the exemplary embodiment (shown in FIG. 4A), 

sector-by-sector basis. It would be apparent to those skilled toe minimum value is set at -12 dB. However, other values 

in the art that the power allocation algorithm can be applied mav De f° r tne minimum value, 

to any subdivision of a Base Station's coverage area. It 35 If the DRC is not directed at another sector or base station, 

would also be apparent to those skilled in the art that the As then the DRC is directed at this sector, i.e., the same sector 

can be positive or negative. that the prior DRC was directed at, in which case, the 

When the DRC is directed at the sector executing the estimate is not adjusted (STEP 318). 
power allocation algorithm, the Base Station 220 does not The per-slot estimates x k are smoothed using a filter 
adjust the quality determination (STEP 304). That is, there ^ (STEP 320). In one embodiment, the filter is an Infinite 
is no adjustment to the C/I estimate x^ Impulse Response (IIR) filter. It will be understood by 
When the DRC is directed at another sector of the current mose skilled in the art that any filter that can smooth the 
Base Station (BTS), it is reasonable to assume that most of estimates x k can be used. The smoothed estimate is given 
the power required for the RPC channel will be supplied by b y : c *^*-iHx*^*-i)/Ni> where N a is the filter time con- 
that sector. Since all sectors from the same Base Station 45 stant m slots. 

)* transmit the same RPC commands and the Remote Station For the calculation of required power, the C/I estimate is 

combines the signals from these sectors to demodulate the mapped to a required fractional RPC power allocation r k 

DRC bit, the current sector just has to supply enough power using the relationship r *=10 ai ^-^ 10 * /0 * loF ^, where E is 

so as not to degrade the transmission from the other sector. the target RPC bit energy per noise power spectral density 

This is why the value of x* is increased in this case (STEP 50 (Efr/N 0 )in dB, and PG is the RPC subchannel processing 

308), i.e., the estimate of required power is lowered. gain, i.e., the duration of the RPC bit transmission in chips 

The quality of the Forward Link will determine the (STEP 322). 

amount of power allocated to the RLPC Channel. Signals Io one embodiment, the smooth filtering is implemented 

transmitted over lower quality links are transmitted with in software. In another embodiment, the smooth filtering is 

more power, while signals transmitted over higher quality 55 implemented in hardware. In yet another embodiment, the 

links are transmitted with less power. Therefore, adjusting smooth filtering is implemented in a combination of soft- 

the quality value to indicate a higher quality link results in ware and hardware. In one embodiment, the smooth filtering 

less power being allocated to the RLPC Channel associated is implemented using a lookup table. In another 

with the Remote Station 261 from which no Current DRC embodiment, the smooth filtering is executed by a software 

message directed to that Base Station is available. This 60 algorithm. 

results in more power being available for the RLPC Channel For power allocation, the sum of the powers of all the 

associated with the Remote Station from which the Base RLPC Channels must be equal to the pilot channel power. In 

Station has received a Current DRC message directed to that one embodiment, one of the RLPC Channels is assigned to 

Base Station. a Reverse Activity (RA) bit and is allocated a fixed fraction 

When the DRC is directed at another Base Station (STEP 65 o. M of the total power (STEP 324). 

310), the DRC provides an indication of the C/I on the RLPC Channels are checked whether they are active or 

forward link from that Base Station to the Remote Station. inactive (STEP 326). For the RLPC indices associated with 
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the active Remote Stations, the required fractional allocation 
is the calculated required power. For inactive RLPC 
Channels, ^=0, i.e. no power is allocated to the inactive 
RLPC Channels (STEP 328). 

All RLPC Channels are checked to see which RLPC 
Channels are active (STEP 330). If the reverse activity 
channel is the only active RLPC Channel, then all the 
available power is allocated to it (STEP 332). Otherwise, the 
available power is divided up among the RLPC Channels as 
follows: 

Let a. k denote the fractional RPC power allocation for the 
k" 1 RLPC Channel. If 



where M is the number of RLPC Channels, then 

M-l 



is the final allocation (STEP 334). 

If the reverse activity channel is not the only RLPC 25 
channel and 



M-i 



30 



is not less than l-a m , that means the sum of the required 
powers for the active RPC subchannels is greater than the 
available power. Then, the following procedure is carried 
out: 

Sort the M-5 RLPC Channels in order of increasing 
required power, i.e. r x ^r 2 ^r 3 ^ . . . £t m _ v The fractional 
power allocated to each RLPC Channel is 



k = 1. ... ,A/-1. 



given by 45 

In one embodiment, the baseline parameter values are as 
shown in Table 1. 

TABLE 1 



Parameter 


Default Value 


Ai 


6 dB 


A 2 


6 dB 


A 3 


9 dB 


T 


-8 dB 


Ni 


64 slots 


E 


0 dB 


CtRA 


Variable 



It would be apparent to those skilled in the art that the 
parameter values may be different than those in Table 1. In 
addition, the parameter values may be variable. The param- 
eter values should depend upon the particular application 
and implementation. 

FIG. 5 is a block diagram of a Remote Station 400 in 
accordance with one embodiment of the disclosed apparatus. 
The Remote Station 400 includes an antenna 402, a radio 
frequency (RF) front end 404, a digital signal processor 



(DSP) 406, a general purpose processor 408, a memory 
device 410, and a user interface 412. 

In accordance with the disclosed method and apparatus, 
the antenna 402 receives Forward Link signals from one or 
more Base Stations. The signals are appropriately amplified, 
filtered and otherwise processed by the RF front end 404. 
The output from the RF front end 404 is then applied to the 
DSP 406. The DSP 406 decodes the received Forward Link 
signals. In addition, DSP 406 provides an indication as to the 
relative quality of the received Forward Link. The indication 
of relative quality is stored in the memory 410. The General 
Purpose Processor 408 is coupled to the DSP 406 and to the 
memory 410. The General Purpose Processor 408 reads the 
indications of relative quality from the memory 410 and 
determines the rate at which each received Forward Link can 
1S support data, and determines which Forward Link can 
support the highest data rate. Once the General Purpose 
Processor 408 has selected the Forward Link that can 
support the highest data rate, the General Purpose Processor 
408 communicates the selection to the DSP 406. The DSP 
20 406 encodes and modulates the information in a DRC, 
together with any information from the user interface 412, 
into a Reverse Link output signal that is provided to the RF 
front end 404. The RF front end processes the Reverse Link 
output signal and couples the Reverse Link output signal to 
the antenna for transmission to each Base Station capable of 
receiving the signal. 

FIG. 6 is a block diagram of a Base Station 500 in 
accordance with one embodiment of the disclosed apparatus. 
The Base Station 500 includes a transmitter, such as an 
antenna 502 and a radio frequency (RF) front end 504. The 
Base Station 500 further includes a digital signal processor 
(DSP) 506, a general purpose processor 508, a memory 
device 510, and a communication interface 512. 

In accordance with the disclosed apparatus, the antenna 
502 receives Reverse Link signals that have been transmit- 
ted from nearby Remote Stations 400. The antenna couples 
these received signals to an RF front end 504 which filters 
and amplifies the signals. The signals are coupled from the 
RF front end 504 to the DSP 506 and to the general purpose 
processor 508 for demodulation, decoding, further filtering, 
etc. Upon decoding DRCs from the received Reverse Link 
signals, the DSP 506 stores the decoded DRC in the memory 
510. In addition, the DSP 506 determines whether each 
received Reverse Link was transmitted from the Remote 
Station with too much or too little power. It should be noted 
that the Base station 500 typically receives Reverse Link 
signals from more than one Remote Station 400 at a time. 

The general purpose processor 508 then performs the 
process shown in FIGS. 4a-4b. The general purpose pro- 
50 cessor 508 communicates to the DSP 506 the amount of 
power that should be allocated to each RLPC Channel. 
Based upon the allocation of power to each RLPC Channel, 
the DSP 506 modulates and encodes the Forward Link 
signals to be transmitted by the Base Station 500. The signal 
55 is coupled to the RF front end 504. The RF front end couples 
the signal to the antenna 502, which transmits the Forward 
Link signal to the Remote Stations. 

The disclosed method and apparatus is provided to enable 
any person skilled in the art to make or use the present 
60 invention. The various modifications to the disclosed 
method and apparatus will be readily apparent to those 
skilled in the art, and the generic principles defined herein 
may be applied to other embodiments without the use of 
inventive faculty. Thus, the present invention is not intended 
65 to be limited to the methods and apparatuses shown herein 
but is to be accorded the widest scope consistent with the 
claims set forth below. 
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What is claimed is: 

1. A method, comprising: 

receiving data rate control information from a plurality of 
stations in a communications system, the data rate 5 
control information indicating the data rate at which 
power control information is to be transmitted by a first 
station to the plurality of stations; 

adjusting the data rate control information from each 
station of the plurality of stations based upon a desti- 10 
nation sector of the data rate control information; and 

determining from the adjusted data rate control informa- 
tion the amount of power required to transmit the 
power control information from the first station to the 
plurality of stations. 

2. A base station within a communication system, includ- 
ing: 

a receiver configured to receive data rate control infor- 
mation from a plurality of stations, the data rate control 20 
information indicating the data rate at which power 
control information is to be transmitted by the base 
station to the plurality of stations; 

a processor, coupled to the receiver, configured to adjust 
the data rate control information from each station of 25 
the plurality of stations based upon a destination sector 
of the data rate control information, wherein the pro- 
cessor uses the adjusted data rate control information to 
determine the amount of power required to transmit the 3Q 
power control information from the base station to the 
plurality of stations. 

3. The method of claim 1, wherein the first station 
includes a base station. 

4. The method of claim 1, wherein the plurality of stations 35 
includes a plurality of remote stations. 

5. The method of claim 1, wherein determining is per- 
formed by a base station. 

6. The method of claim 1, wherein determining is per- 
formed by a base station controller. 40 

7. The method of claim 1, further comprising: 
determining whether the first station can decode messages 

in the data rate control information. 

8. The method of claim 7, further comprising: 
setting the amount of power required to transmit the 

power control information to the plurality of stations at 
a first constant value if the first station cannot decode 
messages in the data rate control information. 

9. The method of claim 1, further comprising: 5Q 
calculating a signal-to-interference-plus-noise ratio 

(SINR) from the received data rate control information. 

10. The method of claim 9, wherein the calculating a 
SINR includes obtaining a SINR value corresponding to the 
received data rate control information in a table. 55 

11. The method of claim 9, further comprising: 
increasing the SINR value by a second constant value if 

the received data rate control information is directed at 
another destination sector of the first station. 

12. The method of claim 9, further comprising: 60 
providing a plurality of base stations, wherein the first 

station is a first base station of the plurality of base 
stations. 



45 



13. The method of claim 12, further comprising: 
decreasing the SINR value by a third constant value if the 

received data rate control information is directed at 
another base station other than the first base station. 

14. The method of claim 13, wherein decreasing the SINR 
value includes providing a minimum threshold value for the 
SINR value. 

15. The method of claim 9, further comprising: 
smoothing the calculated SINR value using a filter. 

16. The method of claim 15, further comprising: 
mapping the smoothed SINR value to a required frac- 
tional reverse power control (RPC) power allocation x k 
using the relationship r^io 0 ' 1 *^-^- 10 '' 0 * 10 ^, where 
E is the target RPC bit energy per noise power spectral 
density (Ej/N^in dB, c^ is the smoothed SINR value, 
and PG is the RPC subchannel processing gain. 

17. The method of claim 1, wherein the determining 
includes: 

providing a plurality of reverse link power control 

(RLPQ channels; and 
assigning a reverse activity (RA) bit to one of the plurality 

of RLPC channels. 

18. The method of claim 17, further comprising: 
allocating a fixed fraction of total power to the RA bit. 

19. The method of claim 18, further comprising: 
detennining activity status of the RLPC channels. 

20. The method of claim 19, further comprising: 
allocating a remainder of the total power, after allocating 

the fixed fraction to the RA bit, to the RLPC channels 
that are active. 

21. The base station of claim 2, wherein the signal 
processor includes: 

a calculator configured to calculate a signal-to- 
interference-plus-noise ratio (SINR) value from the 
received data rate control information. 

22. The base station of claim 21, further comprising: 

a memory configured to store data comprising a table of 
values that establishes a correspondence between the 
data rate control information and the SINR value for 
each station of the plurality of stations. 

23. A wireless communication system, comprising: 

a plurality of remote station devices configured to deter- 
mine and transmit data rate control information; and 

a base station apparatus configured to receive the data rate 
control information from the plurality of remote station 
devices, the data rate control information indicating the 
data rate at which power control information is to be 
transmitted by a first station to the plurality of stations, 
the base station apparatus operating to adjust the data 
rate control information from each device of the plu- 
rality of remote station devices based upon a destina- 
tion sector of the data rate control information, 

wherein the base station apparatus uses the adjusted data 
rate control information to determine the amount of 
power required to transmit the power control informa- 
tion from the base station apparatus to the plurality of 
remote station devices. 

24. The system of claim 23, wherein each device of the 
plurality of remote station devices includes a digital signal 
processor (DSP) configured to encode and modulate infor- 
mation in the data rate control information. 
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